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INTRODUCTION 
In the predominantly vegetarian population of India 
pulses are an iinportant source of dietary protein. Besides, 
they are a rich source of energy also. Pulse crops are also 
endowed with unique property of maintaining and restoring 
soil fertility through biological nitrogen fixation. The 
leguminous crops add more nitrogen to our soil than the 
total fertilizer nitrogen produced in the country,India 
has a large population of vegetarians and in recent past 
it has been possible to obtain a good growth rate in cereals 
production to meet the growing needs of our rising populat-
ion but the same growth rate is not witnessed in case of 
pulses. 
Though/ these constraints can be solved partially by 
the improved cultural and management practices, however, 
considering the cost of inputs and economic status of farmers 
on one hand and pollution hazards on the other, the genetic 
improvement of genotypes appears to be the best solution. 
It is one of the ironies of agricultural production 
in India that while the food crops and commercial crops are 
showing better results each year, the pulses have shown a 
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declining t r end . Pulses have been re legated to the posi t ion 
of a secondary crop and c u l t i v a t o r s , by and l a rge , show 
grea te r preference to the c u l t i v a t i o n of wheat, r i ce sugar-
cane, and other commercial c rops . 
The annual acreage under the pulse crops in India 
is about 24 mil l ion hec tares , the production being appro-
ximately 12 mil l ion tons . The most important pulse crop 
in India i s gram, which occupies an area pf about 23 mil-
l ion acres , which i s about th ree fourth the wheat acreage 
of India , I t c o n s t i t u t e s near ly two- f i f th of the pulse 
crops of the country. However, the d i f fe ren t pulses have 
t h e i r own importance in respect of t h e i r s u i t a b i l i t y for 
p a r t i c u l a r r o t a t i o n s or crop mixtures or t h e i r adaptation 
to special agro-c l imat ic cond i t ions . Therefore, even though 
they may not claim a high place in the matter of a l l - I n d i a 
acreage or production, they are of considerable regional 
or local importance. 
The area under the c u l t i v a t i o n of pulses i s gradually 
shrinking and the production has come down s t eep ly during 
the l a s t few years , whereas the population growth has main-
tained a steady pace. The r e s u l t i s t ha t per cap i t a ava i la -
b i l i t y of pulses have comedown from 69 gm per day in 1960-61 
to 30 gm per day in 1979-80, According to n u t r i t i o n a l experts 
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an intake of 60 gm pulses per day Is essential in a balanced 
diet to meet the protein requirement of a healthy body. 
Production of pulses during the last two decades has 
not only remained more or less static but started showing 
a rapid decline in the recent years. Over 75 percent of the 
area under cultivation of pulses is dependent on monsoon 
for its irrigation requirements. In India, yield of pulses 
per hectare, on an average, is only 500 kg and has been 
almost static during the last two decades, though in our 
neighbouring country. China per hectare production of pulses 
is nOO kg. It is precisely for this reason that though the 
area under cultivation of pulses in both the countries is 
same, the production in China is double than that of India. 
Similarly U.S.A. is producing about 1600 kg of pulses per 
hectare, more than three times of our per hectare production. 
To meet our per capita requirement of pulses in 
general, the techniques applied by various plant breeders 
include; 
(1) The normal breeding procedures that are employed by 
breeders are introduction, selection and hybridize-
tion, 
(2) Special breeding procedures like irradiation and poly-
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ploidy may also be used to increase genetic variability, 
Unselected genetic variability can be facilitated 
by introduction and thus provides a breeder with the entire 
potential range of germplasm. Utilization of the methods 
of experimental mutation research has been on since past 
40 years and constantly increasing level of knowledge is 
due to the availability of both physical and chemical mut-
agens. 
Mutation is a valuable suppliment to the conventional 
breeding methods. The mutation breeding may be more useful 
if t 
(1) that it should be genetically plausible to assume 
that a certain specific mutant should be possible 
even if yet unknown, 
(2) that efficient screening method should be available, 
the expected mutant must be either readily visible or 
otherwise easily detectable and 
(3) that the programme is compatible with the breeding and 
propagation system of the crop. However, these require-
ments are fairly restrictive, 
A number of workers have shown that improvement of 
pulses is possible through the use of mutagens either directly 
or along with hybridization both Intra-as well as inter-
specific (Sur, 1969/ Chowdhury and Chowdhxiry, 1977; Dahiya, 
1973; Singh and Raghuvanshi, 1987) , 
Irradiations have been utilized recently by several 
workers to produce or explain genetic variability in various 
crops. In plants chromosomal irregularities of various types 
as well as gene mutations are characteristic results of 
irradiation. Induced mutation are known to be advantageous 
in following aspects t 
(1) for creating wide ranging variations within breeding 
system, upon which selection can be made, 
(2) for confering specific improvement to varieties, with-
out otherwise affecting significantly, their performance 
and are quicker than hybridization procedure in produ-
ction of variability, 
(3) being potent enough to become efficient supplement, if 
not an alternative to conventional recombination bree-
ding for production of variability airong crops and 
(4) for providing a method of breaking linkages, producing 
translocations for gene transfer and also being useful 
in genetical and biological variability studies. 
Investigations on the effect of gamma radiation in 
induced mutation programmes in crops and vegetables due to 
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i t s high pene t ra t ing capaci ty , have been demonstrated 
by several workers (Kawai, 1969; Badr and Etman, 1977) , 
The generat ion of gene t i c v a r i a b i l i t y by induced 
mutagenesis provides a base for strengthening p lan t impro-
vement programmes. So, keeping t h i s in view and a l so , the 
importance of blackgram or urd (Chromosome number 2n » 22) f 
an e f fo r t w i l l be made to undertake the proposed i n v e s t i -
gation to obtain information on Cytogenetics, morphological 
and the n u t r i t i o n a l parameters and thus to serve in future 
upgrading the c rop . The e n t i r e e f f o r t can be summed up in 
the following point t 
(1) Study of cytogenet ica l v a r i a b i l i t y among three d i f f e -
rent v a r i e t i e s of black gram v i z , , PDU-l, PDU-3, and 
PDU-7 based on Cytological , morphological and biochem-
ica l parameters , 
(2) Study of radio-response of the v a r i e t i e s PDU-l, PDU-3^ 
FDU-7 at d i f f e ren t doses of gamma rays (v iz .20 , 30, 
40, 50, 60, 70,80,90,100 krads) on the germination, 
survival and growth ind ices , 
(3) Study of radio-response through karyoklnet ic a c t i v i t y 
on gamma i r r ad ia t ed seeds a t various doses (v iz , , 
20,30, 40, 60, 80 and 100 krads}consequently studying 
the chromosomal aberrat ion and mitot ic i nd ices . 
Table 
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7 0 - 7 1 
2 
1 7 0 . 3 
9 0 . 2 
4 7 4 . 0 
1 0 8 . 0 
5 3 . 0 
4 8 7 . 0 
NA 
6 7 . 6 
1 3 . 6 
20 1 .0 
6 2 7 . 8 
1 5 6 . 4 
2 4 6 . 0 
4 5 6 . 7 
1 1 4 . 2 
2 5 6 . 0 
5 5 . 0 
2 7 . 7 
5 0 4 . 0 
9 7 . 3 
2 4 . 4 
2 5 1 . 0 
1 5 1 . 7 
5 1 . 5 
3 3 9 . 0 
1 7 4 . 0 
. 7 3 . 0 
4 2 2 . 0 
2 0 6 6 . 6 
6 5 6 . 2 
3 1 8 . 0 
GO-8 1 
3 
2 3 2 . 2 
1 0 6 . 7 
4 6 0 . 0 
1 1 9 . 6 
5 6 . 2 
4 7 0 . 0 
NA 
5 4 . 9 
1 6 . 7 
3 0 4 . 0 
7 5 0 . 0 
1 7 5 . 4 
2 3 4 . 0 
4 7 4 . 7 
1 0 5 . 6 
2 2 2 . 0 
1 6 1 . 3 
6 3 . 7 
3 9 5 . 0 
1 6 8 . 3 
4 4 . 6 
2 6 5 . 0 
2 0 0 . 2 
5 5 . 0 
2 7 5 . 0 
1 3 3 . 7 
6 4 . 9 
4 8 5 . 0 
28 2 9 . 8 
9 5 9 . 1 
3 3 9 . 0 
8 1 - 8 2 
4 
2 1 9 . 0 
8 9 . 2 
4 1 0 . 0 
1 2 4 . 0 
6 0 . 0 
4 8 6 . 0 
NA 
5 6 . 6 
1 7 . 2 
3 0 4 . 0 
7 5 4 . 7 
1 9 5 . 7 
2 5 9 . 0 
4 4 4 . 6 
1 4 9 . 8 
3 3 7 . 0 
1 4 8 . 5 
5 2 . 3 
3 5 2 . 0 
1 5 6 . 3 
4 6 . 3 
2 9 6 . 0 
2 2 7 . 0 
7 2 . 2 
3 1 8 . 0 
1 3 5 . 0 
6 1 . 6 
4 5 4 . 0 
8 2 - 6 3 
5 
4 1 6 , 9 
1 2 5 . 6 
5 7 9 . 0 
1 1 1 . 0 
4 6 . 0 
4 1 8 . 0 
6 3 . 6 
4 1 4 . 0 
4 1 4 . 0 
5 4 . 1 
1 4 . 1 
2 6 1 . 0 
7 4 9 . 1 
1 7 7 . 1 
2 3 6 . 0 
4 7 1 . 0 
1 5 0 . 7 
3 1 9 . 0 
1 4 3 . 0 
4 7 . 6 
3 7 3 . 0 
1 5 6 . 3 
4 7 . 3 
30 3 . 0 
1 8 8 . 3 
4 7 . 6 
2 5 3 . 0 
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1 0 1 0 . 4 9 9 7 . 6 
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8 6 , 5 -
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2 1 0 , 0 
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2 9 9 7 . 5 
1 9 1 . 6 
3 9 8 . 0 
8 4 - e 5 
2 3 5 . 3 
1 8 9 . 7 
8 0 6 . 0 
1 0 0 . 4 
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•) 14 . : 
7 6 , 0 
4 5 0 . 0 
4 5 0 , 0 
6 6 . 5 
1 9 . 2 
2 8 9 . 0 
7 7 0 . 7 
1 9 8 . 9 
2 5 8 . C 
4 6 3 . 0 
9 1 . 7 
1 9 6 . 0 
1 5 8 . 0 
7 6 . 2 
4 8 2 . 0 
2 2 2 . 4 
6 9 . 4 
3 1 2 . 0 
1 8 8 . 5 
5 2 , 6 
2 7 9 , 0 
eo, 3 
3 9 . 2 
4 8 8 . 0 
2 9 0 6 . 4 
1 1 6 4 . 0 
4 0 0 . 0 
! 0 5 - 8 6 
29 5 . ^ 
2 1 3 . 7 
^ 2 1 . 
9 P . " 
4 5 . 1 
4 5 t . 0 
6 0 . 6 
2 7 . 0 
2 2 3 . n 
6 4 . 6 
2 5 . 6 
3 ' ' 6 . ' ; 
7 6 6 . 0 
1 6 4 , e 
2 1 5 . 0 
4 5 3 . ' . ' 
1 7 4 . 3 
38 4 , 0 
1 8 0 . 5 
2 0 . 4 
1 1 3 . 0 
3 3 1 . 5 
1 2 5 . 1 
3 7 7 . 0 
2 2 3 . 7 
5 3 . 7 
2 4 0 . 0 
se . 5 
4 5 . 7 
5 1 6 . 0 
3 1 2 5 . 1 
1 2 3 e . e 
3 T 6 . 0 
, . 
•A - Area ( ' 0 0 0 h e c t a r e s ) , 'P . P r o d u c t i o n f ' 0 0 0 tonnes) "Y - Y i e l d (per h e c t a r e In kg) 
• d i r e c t o r a t e of Economic and S t a t i s t i c s , M i n i s t r y of food and A g r i c u l t u r e , New Delhi (Area 
and F r o d u c t i o n of F r l n c l p a l Crops in India 1985-66) . 
Economic Inportance of Balck aram i 
Black-gram or urd bean is said to be the most irqpor-
tant pulse of the Phaseolus or Vigna group. The beans of 
black-gram form a nutritious items of food, the whole plant 
gives rich food for cattle and is a good green manure and 
soil conservation crop (Singh et §1^,, 1970), 
The nutritive value of blackgram and essential amino-
acids contents are given in tables 3 and 4. It appears from 
the tables that this pulse is very much inportant from nutri-
tional point of view. The protein contents of major pulses 
are given In Table 2. It is consumed in various ways, singly 
or mixed, in the form of a soup or thick curry, with meat 
or vegetables; special preparations commonly known as 'papal', 
•bari' (spiced)ball and 'pakori* are generally prepared 
from it. 'Dal' of blackgram is also used to make 'halwa* 
(pudding) and 'Imarti'. 'Dosa' and 'Idli*, the traditional 
dishes of the south Indians are prepared from it in combina-
tion with the rice flour. 
As a medicine, blackgram is prescribed both exter-
nally and internally in paralysis, rheumatism and affection 
of the nervous system. 
As a cattle feed, the whole plant of blackgram is 
utilized which is rich in crude protein and is much richer 
than that of most of the grains used as concentrates such 
as barley, cotton-seed, gram, oats, maize etc, Urd 'bhoosa' 
fed to the calves, recorded positive balances for nitrogen, 
calcium and phosphorus. In Assam, the usual custom is to 
boil the beans in water so as to form a broth which is fed 
to catties (Das, 1955). Blackgram is occasionally utilised 
as a green manure crop also. When grown on rice fields 
preparatory to the following rice crops, only pods are 
gathered and the plants are ploughed in (Aiyer, 1958). Man-
dal and Mukherjee (1954) reported that blackgram is the 
best predecessor crop for wheat and it is comparable to 
40 lb N as ammonium sulphate under irrigated conditions. 
Blackgram contains larger quantum of NPK and CaO than the 
conventional green manurial plants. 
Lastly, it is important to note that abundance of 
foliage and luxurious vegetative growth together with the 
deep root system of black gram are helpful for conserva-
tion of soil moisture and prevention of soil erosion. 
Table - 2 
P r o t e i n c o n t e n t of Major Pu l ses 
Narre of Food Stuf f Bo tan ica l Name Protein(«/0 
Chick pea 
Pigean Pea 
Blackgram 
Greengram 
L e n t i l 
Peas 
Cowpea 
Kidney Bean (dry) 
Horsegram 
Chikl ing ve tch 
Soyabean 
Cicer a r i e t i n u m L. 17.1 
Cajanus ca jan Spring 22.3 
Vigna mungo L. 24.0 
yigna r a d i a t e Wilczek 24.0 
Lens c u l i n a r i s Medic. 25.1 
Pisum sa t ivum L. 19.7 
Vigna s i n e n s i s (L) Savi 24.6 
Dolichos l a b l a b L. 24.9 
Dolichos b i f l o r u s L. 22.0 
Lathyrus s a t i v u s L . 28. 2 
Glycine max (L) Merr. 43 .2 
* Heal th B u l l e t i n No. 23(1964) N u t r i t i o n Research 
L a b o r a t o r i e s , Cooner (South I n d i a ) . 
Table - 3 
Food value of Black-gram 
Moisture 10.90% 
P r o t e i n 24.00% 
Fat 1.40% 
Minerals 3,40% 
Fibre 0.09% 
Carbohydrates 59.60% 
Calcium 0.20% 
Phosphorus 3.37% 
Iron 9.80% 
Ca lo r i c va lue 350.00 
(per 100 g r a i n s ) 
Thiamine 0.4 2 Mg 
Riboflavin 0.37 Mg 
Nicotinic acid 2.00 Mg 
Vitamin 64.001 U 
T a b l e - 4 
E s s e n t i a l Amino a c i d s of B l ackg ram (grr/grr, N) 
TOTAL - N 4 .18% 
A r g i n i n e 0 . 5 2 
H i s t i d i n e 0 . 3 6 
L y s i n e 0 . 4 3 
T r y p t o p h a n e 0 . 0 7 
P h e n y l a l a n i n e 0 . 3 1 
C y s t i n e 0 .08 
^ £ t h i o n i n e 0 .09 
T h r e o n i n e 0 . 2 2 
L e u c i n e 0 . 4 2 
I s o l e u c i n e 0 .30 
V a l i n e 0 . 3 1 
origin^ Evolution and Dis t r ibu t ion > 
Black gram (Vlqna munqo(L.) Hepper) popular ly known 
as Urd bean, i s an irrportant gra in legume (Pulse) crop, 
extens ively grown in India under varying c l imat ic conditions 
and so i l types . The area under c u l t i v a t i o n and annual 
production are about 3.02 mi l l ion hectares and 1,08 million 
tonnes, r e s p e c t i v e l y . The mean y ie ld are low, around 330 kg/ 
hec ta re . 
Black gram has been reported to have or ig ina ted in 
Ind ia . Piper and Morse (1914) s t a t ed tha t i t i s cu l t iva ted 
only in India , De Candolle (1884) also s t a t ed t h a t Viqna -
mungo or iginated in India , Vavilov (19 26) mentioned the 
Indian centre as a primary cent re of or igin of balckgram 
and the cen t ra l Asia as a secondary cen t re . Zokovskij (1962) 
i s of the opinion tha t urd or ig ina ted in India from Phaseolus 
sublobatus and i t s wild progeni to r . The mention of black 
gram i s Vedic t e x t s such as Kau t i l ya ' s 'Ar thashas t ra ' and 
in 'Charak Samhetal' and the o r ig in of weighing un i t masha 
from Sanskri t word Mash i . e . black gram or urd, suggest 
t h a t t h i s crop has been known in t h i s country from an t iqu i ty . 
The Viqna rad ia ta var, subolata formerly synonymed 
as P. sablobatus apears to be the most probable 
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progenitor of both black gram and green gram (Zukovskij, 
1962) and occurs wild in India and Indonesia (Dana, 1976). 
According to jain & Mehra (1980) , the natural population 
of Sublobata are supposed to have differentiated during 
domestication into two crop plants, green gram and black 
gram, Singh et^  al..,(1975) observed variable forms of green 
gram and black gram in the eastern ghats and in the area 
from Madhya Pradesh south wards, Arora et ,al. (1973) collec-
ted two types of V. radiata var, sublobata, one from 
Rishikesh,the Kumaon hills and shlwallk range (similar to 
black gram) and the other from western ghats(similar to 
green gram) , 
Singh and Ahuja (l977) reported A and B types of 
Sublobata which are alike to green gram and black gram 
respectively. They reported that the two types do not 
cross each other. The differences between type A and type 
B of sublobata was reported by Ahuja and Singh (1977) and 
Dana (1980) , 
Since, wild progenitor has variable forms, some of 
which are close to green gram and other to black gram and 
crosses can be made readily taking the respective cultivated 
lines as f&raale, it is suggested that the wild progenitor 
which are identical to black gram may be named V, munqo var. 
It 
s ilvestrls and one which are similar to green gram as 
V. radiata var. sublobata (Verdicourt 1970, Lukoki et. al.. 
1980) . 
According to .Dana(i976) the genetic differences 
and chromosomal alterations specially the paracentric 
inversions, deletions,„duplications and translocations 
have contributed to the evolution of Phaseolus. In black 
gram and green gram at least two chromosomes are karyo-
morphologically identical and it has been suggested that 
black gram has evolveid from green gram. In addition to 
these, selection for specific plant and seed characters 
by local cultivators has also contributed to the development 
of present cultivated forms. 
In general, the evolution of black gram has not 
remained an unidirectional process but domestication has 
been based on accumulation of recessive traits, although 
dominant genes have also played a vital role in the 
evolution of cultivated varieties of black gram. 
Having originated in India black gram is widely 
distributed in almost all the states of India, It is also 
cultivated in Pakistan, Srilanka and Burma and other parts 
of south and south-east Asia. 
1?. 
Taxonomy and Botanical Description { 
Taxonomy t 
There have been a great controversy amongst the 
taxonomist regarding the correct Botanical name to be 
assigned to black gram and its closally, green gram. Rox-
burgh (1832) described and named a number of species and 
varieties of Phaseolus grown in India, Confusion in the 
nomenclature of black gram and green gram arose due 
chiefly to Roxburgh's transposition of the original Llnnallan 
names. Roxburgh (1932) named green gram as Phaseolus munqo 
Willd, and the yellow variety (Sona mung) as P, aureus Roxb., 
while black gram was called as P., radiatus willd. Duthie 
and Fuller (188 2) also had followed the same classifica-
tion. However, Prain (1898;190 3) had reversed the classi-
fication and called green gram, P. radiatus L. and black 
gram, p. munqo var, Roxburghii. Prain (19 39) and Bose (19 39) 
referred mung as P. radiatus L, syn. P. aureus Roxb, The 
names of P,. aureus Roxb. for green gram and P^ , munqo L. for 
blackgram remained viable until many taxonomists considered 
that Aslatica phaseolus species, (characterized by smaller 
cylinderlcal pools with out a peak, small seeds and broad 
spur like stipules) should be transferred to the genus 
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Vlgna, Piper (19 26) differentiated Phaseolus from iViqna -
mungo genus based on Keel characteristics (Keel is straight 
and not laterally coiled or curved in Vigna, while it is 
curved or coiled in genus Phaseolu^. Method differentiation 
between the genera Phaseolus and Viqna have been reviewed by 
Evans (19 75)/ and Marechel (1975). The main distinguishing 
features between these genera are presented in the table 5. 
wilczek (1954) named Viqna radiata (L.) wilczek for green 
gram and Hepper (l956) named Viqna munqp (L.) Hepper for 
black gram. The differences between V, radiata and Viqna -
munqo as per Bose (19 34), Watt and Marechel (1977) are 
presented in Table 6, 
The present taxonomic status of black gram may be stated as 
follows } 
Kingdom - Plants 
Division - Spermatophyta 
Sub-division - Angiosperm 
Class - Dlctotyledons 
Family - Fabaceae 
Sub-family - Papillionaceae 
Genus - Viqna 
Species - tnunqo 
B o t a n i c a l D e s c r i p t i o n » 
HABIT - A n n u a l , h e r b a c e o u s , 30-100 cm I n h e i g h t , e r e c t 
t o t r a i l i n g t y p e s , 
ROOT - Tap r o o t s y s t e m , p r o v i d e d w i t h n o d u l e s f o r 
f i x i n g a t n o s p h e r i c n i t r o g e n , 
LEAVES - T r i f o l i a t e , e n t i r e o v a t e , o c c a s i o n a l l y l o b e d , 
s t i p u l e s n a r r o w , 
INFLORESCENCE - An a x i l l a r y r a c e m e , which may be b r a n c h e d 
f l o w e r s i n c a p i t a t e c l u s t e r s ( 5 - 6 f l o r e t s ) on 
a s h o r t b u t l a t e r e l o n g a t i n g p e d u n c l e s , 
FLOWER - Bracteate, complete, bisexual, zygomorphic, 
pentamerous, yellow In colour. 
CALYX 5 sepals, gemosepalous, green, valvate, 
aestivation, 
COROLLA - 5 petals, polypetalous, papillionaceous, 
yellow in colour, 
ANDROECIUM- 10 stamens, diadelphous(D+l) filament thrlad 
anther b^ithecous, dehisce longitudinally 
GYNOECIUM - Monocarpellary, superior overy, unilocular, 
marginal placentation with hairy style and 
stigma simple. 
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FRUIT 
SEED 
F r u i t i s a pod , g r e e n when Immature and buf f 
t o darK brown when aiatxare, 4 - 6 cm l o n g , round 
e r e c t or s u b e r e c t w i t h l o n g , d e n s e h a i r s and 
s h o r t hooked b e a k . Pod c o n t a i n s 4 -10 s e e d s . 
Oblong h a v i n g s q u a r e e n d s , g e n e r a l l y b l a c k , 
o c c a s i o n a l l y _ g r e e n w i t h brown o r b l a c k 
m a r b e l l i n g - H i l u m i s w h i t e , c o n c a v e . 
GERMINATION - E p i g e a l , c o t y l e d o n s a r e w h i t e . 
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Table 
Difference between V. radlata and V, munqo 
Character V, radlata V. munqo 
Stem 
Leaves 
Mostly erect or sub-
erect 
Mostly green or 
dark green 
Mostly spreading or 
trailing 
Mostly yellowish 
green 
Stipules 
Pubescence 
Broad or ovate 
Plant sparsely 
pubescent 
Narrow and falcate 
Plant densely 
pubescent 
Pods Spreading, long 
with short hairs 
and shatter 
readily 
Erect, short with 
long hairs and do not 
shatter much large 
and oblong 
Hilum Flat Concave 
Seed coat Fine wavy ridges 
on seed coat 
Smooth 
Cotyledon Dirty yellow '/Vhite 
Chemotaxonomic a -g lu tanyl - s -
methyl cys te ine -g lu tanyl rrethionine 
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Cultivation of Black gram t 
Black gram is widely cultivated in India# Pakistan, 
Srllanka, Bangaldesh and Burma, In India, urd is largely 
cultivated in all parts of the country. The area under 
the cultivation of urd during Kharif as well as Rabi season 
is approximately 1550 thousand hectares producing more 
than 464 thousand tonnes of beans. In India it is cultiva-
ted in mixture with maize, sorghum, millets, cotton, pigeon 
pea etc, in 'Kharif season and in pure culture after paddy 
in south India and after sugarcane, potatoes and wheat in 
north India in 'Rabi'. 
The practice for cultivation of black gram in India 
during both rabi and kharif seasons, on the basis of the 
investigations reported earlier are described below i 
1. Climate 
Black gram is a warm season crop and is grown both 
in Kharif and rabi seasons, the former being more inportant 
occupying nearly 68 percent of the total area. In the north, 
where the winter is rrore severe, urd is a kharif season 
crop while in the eastern states it is a rabi season crop 
and in the south during both the seasons, Urd can not be 
grown as a spring sown crop in the northern plains. 
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2, Soil and its preparation t 
Black grain grcwswell on heavier soils such as black 
cotton soil which retain moisture better. However, it is 
grown on all types of soils ranging from black cotton soils 
to red loans, light red or brown alluvial provided they 
are not shallow. Cultural practices does not require a very 
thorough preparation of land, a rough telth is fairly 
satisfactory which is achieved at the most by two ploughlngs 
followed by working the soil with a blade harrow. 
3. Sowing s 
The sowing is done in February or June or July and 
October-November depending upon climatic and agricultural 
conditions. Sowing is done either broadcast followed by 
planking or in lines 25 cm apart behind a plough and smoothed 
by a harrow. The amount of seed required to sow one hectare 
of land would vary according to the practice of cultivation^ 
whether sown as a mixed Crop or a pure crop. It varies from 
8 to 18 kg per hectare. 
4. Manuring and Irrigation i 
Being a leguminous crop the practice of fertilizing 
Is not common. Irrigation depends upon the severety of heat 
and wind velocity together with soil types. During 'kharif 
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black gram is grown mainly as a rainfed crop so no irri-
gation is needed^ for 'rabi' sowing, four irrigations are 
required, 
5. Harvesting and storage t 
The crop starts flowering in about 45 days from the 
day of sowing and is generally ready for harvesting in 
about 3 months. The practice of harvesting varies in 
different states but a common practice is to pull out the 
plants stack them for a week or so for drying and then 
threshed by beating with sticks or trodden by bullocks. 
Harvesting is also done by picking the riped pods at 
different intervals (9-11 days) , Maximum pickings may 
not be more than three when grown in rice fields, the 
plants are grazed for a day or two and then ploughed 
in. The grains are then sun dried upto 12% moisture level 
and stored in godown, fulhigation Is also done time to 
time to avoid the deterioration and attack of insect 
peats. 
REVIEW OF LITERATURE 
The genus Vlqna is of considerable economic import-
ance. It is used for preparation of several Indian delicacies 
and is highly prized for the rich phosphoric acid content in 
it. During the year 1987-88, the overall production expec-
ted was around 12,5 million tonnes, which was quite meagre 
as compared to the requirements of the huge populatioo. As 
a result, per capita availability of pulses in general has 
fallen from 78 grams per day in mid fifties to 36 grams 
today. The gap between the potential (10-15 quintal and 
actual yields (3-4 quintal/ha) even at current level of 
technology, can be minimised greatly by development of high 
yielding, disease tolerant varieties. 
Comparatively little attention has been paid to the 
major pulses of genus Viqna. A review of literature on 
various aspects of black gram (Vlgna mungo (L.) Hepper) and 
its related species pertaining to the programme of research 
work is given below i 
FLORAL BIOLOGY t 
Narsimham (19 29) for the first time reported the 
results of preliminary studies on floral biology of black-
gram as well as of greengram carried out in Godawari district 
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were also confirmed by Bose (1932) at Pusa (Bihar). It was 
reported that on the night previous to opening of flowers, 
pollen grains are just run out of their sacs by 9 p'.m;, and 
by 11 p.m,. Most of the stigmas are thoroughly dusted and 
by 1,30 p,ni, pollinations are completed In all cases. 
Flowers open from 6 a.,m., to 7 a.m., and continue till 9 a..m.. 
after which they remains in full bloom till about noon. 
Subsequently they gradually closeup and are completely closed 
by 2 to 4 p.m., the same evening. The next morning corolla 
fades and shed with the least external disturbance, otherwise 
the corolla is generally pushed up and carried along by the 
developing pod. 
The minimum interval between the time to dehiscence 
of anthers and opening of flowers was about 4 hours and 
this was long enough to ensure complete self pollination. 
The cytology of blackgram is poorly developed as 
compared to other crops because of the very small size of 
the chromosomes (less than 0.5 p) at metaphase and very 
long and excessively entangled chromosome at the pachytene 
(Cheng and Bassett 1981). Karpechenco (1925) reported diploid 
chromosome number of blackgram as 22 but Rao (1929) found it 
to be 24. Recently Dana (1980) reported that Viqna munqo 
has 2n « 22 chromosomes. 
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STUDIES ON RADIO-BIORESFONSE 
Studies on radio-response have since long been 
carried out to observe and estimate favourable changes in 
crops. It was H.J. Muller (19 27) who for the first time 
to 
exposed the common fruit fly/X-rays and was able to induce 
mutations in it. Stadler (19 29), however, studied the 
effect of X-rays and radium on Hordeum sp., Ayena sp. 
and Zea mgys, Fugii and Matsumura (1958) using COg-. reported 
that seeds of certain genera - Triticum vu^qare. Zea mays 
Faqopyrum saqitatum showed increased percentage of germi-
nation at all doses. Sax (1963) reported that plant growth 
is stimulated by ionizing radiations and according to Gun-
ckel (1965) modification in ^ .lant growth and development 
can be induced by ionizing radiations. There have been 
several reports on the effects of low doses of gam,rra radia-
tions on the growth of some crop plants (Tavacar, 1966; 
Suss 1966) and yield of agricultural crops (Davles 1968) , 
Sax (1963) also studied the effects of gamma rays on growth 
and karyokinetic activities and opined that low levels of 
radiations had stimulant effects on certain stages of plant 
development. Jones and Plummer in i960 reported stimula-
ting effect on Trifolium. Spencer and Cabanillas (1956) 
reported an early stimulating effect on growth of Indiqofera 
on treatment with X-rays, Kankis and Webester (1956^  also 
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expetrimented but no growth stimulus was observed in Sorghum. 
Osborne and BaCon (i960) on the basis of their studies on 
different species showed no stimulation of seedling growth 
following irradiation at 5 - 100, KR excepts in one of the 
eighteen tests. The response of different species to radia-
tion varies, Raghuvanshi and Singh (1973) studied the effects 
of gamma rays on growth and Karyokinetic activity in Trlqo-
nella fpenum-qraecum L, and reported initial stimulus, both 
in growth rate of root and division frequency. However, on 
the 11th day^the situation was just reverse,-somatic reduc-
tion at 30 KR on first day was observed by Raghuvanshi 
and Singh (19 73). Huskin and Steinitz (1948) had studied 
reductlonal segregation in Allium and Rhoeo roots. 
Sparrow (1963) has reported that low doses of ioni-
zing radiations shorten the period of dormancy, thereby 
showing stimulatory effect, Raghuvanshi and Pathak (l976) 
reported that diploids and tetra ploids of Phlox drummondij 
displayed stimulatory effect of radiation on germination. 
Several workers have reported on mutagenic effects 
of gam.ma radiations on black gram (Ramaswamy and Rangaswamy, 
1972, Kumar, 1980; Kundu and Singhjl982; Shaikh and Majid, 
1982) . There are reports on mutants induced by gamma radia-
tions In Vlgna for floral modifications (Ganguli 1973, 
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Singh 1981) . Desirable mutants for increased pod number 
and seed weight (Tikoo and Jain^1974; Chaturvedi & Singh, 
1980; Subramaniam, 1980) and for high yie ld(s ingh and Chatur-
vedi, 1981) have also been induced by gamma r ad i a t i ons , 
Dubinin (19 64) reported 7.5 to 30 KR dose of garrjna rays 
was c r i t i c a l for V. munqo. 
In Viqna munqo or black gram, i t was Jana (i962, 
1965) who for the f i r s t time, u t i l i s e d neutron or X-ray 
rad ia t ion to provide b e t t e r v a r i a b i l i t y . He reported some 
height and chlorophyll mutants in urd. In his fur ther expe-
riments^ Jana (1964) t r ea t ed black gram seeds with two doses 
of neutrons and found the effect to be l e t h a l and s u b l e t h a l . 
He drew conclusion t h a t neutron i r r a d i a t i o n had a more uni-
form and d r a s t i c e f fec t on seedlings and leaf characters 
than other i r r a d i a t i o n s , jana (1965) t r ea t ed Phaseolus 
aureus seeds at 60 Krad level and produced a female s t e r i l e 
mutant in M generat ion. He studied pol len f e r t i l i t y which 
was found to be 90-95% but despite vigorous vegeta t ive growth 
and prolonged flowering, no f r u i t s could be boC^ne owing 
to female s t e r i l i t y caused by r a d i a t i o n s , 
Sur (1969) also s tudied the e f fec t s of gamma rays 
and thermial neutrons on Viqna munqo. Rajput ( l97l , 1974) 
could observe morphological var ia t ions by i r r ad i a t i on of 
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Vlqna rad ia t a seeds with gamma rays , Bhatt (l972) i r r a -
diated seeds of P^aseolus aureus at 20 kR and produced 
g igan t i c mutants from M generat ion. Plants exhibited grea t 
vigour in a l l aspects except p lant he ight , Rangaswaml e t al . . 
(1973^ t rea ted V. r a d i a t a seeds with X-rays and consequen-
t l y produced some shor t s ta tured mutants. They reported 
an increase in number of pods per p lan t and number of root 
nodules in comparison to t h e i r pa ren t s . 
There was a gradual reduction in the amount of germi-
nation of seeds, and in pollen and ovule f e r t i l i t y with an 
increase in the doses of gamina rays (Chandra e^ a l , , 1979 
and Subramanian, 1980) , 
The combination of physical and chemical mutagens 
have been found to be very useful in inducing mutations 
by severa l workers (Bandopadhyaya and Bose,1983; Singh and 
Raghuvanshi, 1985; Singh e t al..,(l987) . 
Mutations have been produced in black gram, using 
X-ray rad ia t ions and EMS e i the r sepa ra te ly or in combina-
t ion (Jana, 1962, 1964, 1968; Appa Rao and Jana 1973, 1974, 
1976; Appa Rao and Reddy 1975). 
Dahiya (1973) s tudied the e f fec t of gamma rays on 
economically important characters and reported an improvement 
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in characters like yield per plant, grain size, number of 
pods per plants, days to flower and protein content, 
Shakoor et a^ .. (l978) studied response of Vlqna 
radiata (green gram) towards gamma rays and obtained 
variants after the ^treatments. Nearly all the morphological 
characters studied by them were found to be related to 
radiation dose, Subramanian (1980) concluded after irradia-
ting three species of Viqna radiata that the germination of 
seedlings, survival and growth rate decreased with increase 
in dose level. Irradiation of Viqn^ radiata was carried out 
by Seth ejb al,., (1981), it was followed by a second treatment 
in M mutant generations both in summer and Kharif, They 
observed that lower doses Increased the germination while 
higher doses (20 and 40 krad) inhibited germination. 
Singh and Sharma (l983) studied mutagenesis by trea-
ting seeds of Viqna radiata cv, Mr26 at lO krad dose of 
gamma rays and released a new variety, mung-2. Sheikh et al. 
(1983) utilized gamma rays and Induced mutation in Viqna -
mungo for high seed yield, decrease resistance and an increase 
in number of pods per plant, 
Singh et al^ ,, (1985) obtained a pentaphyllous mutant 
at 20 KR + 0.25% EMS in M generation and a vine mutant 
by treating the seeds with gamma rays and EMS in Viqna mungo. 
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Singh et _al., (1988) have made the use of gamma rays 
for Inducing mutation in inflorescence of green gram (V. 
radiata) . Earlier, Khan and Hashim (1978) reported slight 
stimulatory effect with different doses of gamma irradiation 
in 10 krad and 40 krad in Viqna radiata. 
STUDIES ON CYTOLOGICAL PARAMETERS 
1. Chiasma frequency and chromosomal associations s 
It was Levan (1936), Maeda (1937) and earlier Frost 
and Mean (19 24) who brought out the concept that the dis-
tribution of chiasmata along the bivalents 15 under control 
of Mendellan genes and it gives characteristic segregation 
ratios.The detection of asynaptic genes in large number of 
organisms (Darlington, 1937; Roy and Jha, 1958) has also 
proved that pairing of the chromosome is a manifestation 
of specific gene action. Later, Dorwick (1957) and Hander-
son (1962) have shown the influence of temperature on 
chiasma frequency. Use of chiasma frequency as a cytotaxo-
nomical tool in comparing relationship of species was first 
studied by Garber (1958). 
Swanson (1959) carried out studies on Campanula and 
Mathiola and stated that with smaller chromosomes in these 
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plants, a high termlnalization coefficient was observed, 
while in Fritillaria with large chromosomes resulted in 
rendering the delay in completion of termlnalization even 
at metaphase-I. Chiasma frequency studies were also made 
by Rees (l965)> Raghuvanshi and Anis (1979) and Anis (i980, 
1986) and they reported variation among varieties/ strains. 
Occurrence of chromosomal association, especially 
the bivalents in pairs or groups observed at diakinesis 
and metaphase I is attributed often to occurrence of resi-
dual attraction between genetically similar chromosomes. 
The term secondary pairing or secondary associations was 
just used by Darlington and Moffett (1930) to describe 
loose association of bivalents into groups at metaphase I. 
Pairing of this kind is not mediated by chiasma nor does 
it affect the segregation of the bivalents involved. Secon-
dary associations have been observed in plants considered 
to be allopolyploids such a Oryza, Dahlia, Brass ica. Nicoti-
an a # Digitalis, Ru)3us and Citrus etc. They are apparently 
restricted to plants which possess small chromosomes (Law-
rence 1931). Darlington and Lawrence; considered that the 
associations reflected a residual attraction between chro-
mosomes related to one another but less closely than homo-
logous. The indication of secondary pairing was then taken 
as an indication of lower basic number of chromosome for 
the plant. 
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Various chromosomal associations have been found to 
be under genetic control, Genotypically controlled tendency 
to form only bivalents has been found In Pbleum pretense 
(Muntzlng and Praken, 1941; Harberd 1975). Bivalent pairing 
in autotetraplold Avena barbata is controlled by single gene 
Ladizlnsky 1973). Chiasma formatdon controlled by polygenes 
was reported by Kappa and Jones (i983), Bremer and Bremer r-
Relnders (1954) studied regular meiotic division and related 
it with higher seed setting and better tillering capacity. 
Studies have been carried out for establishing correlation 
between percent pollen fertility arid chiasma frequency and 
bivalent frequency per PMC by Simonson (l973), Gopal and 
Singh (1979), Helpert (1957), Kappa and Jones (i963) etc. A 
Comparative analysis of chiasma frequencies and terminall-
zatlon in seven varieties of Triticum carthlicum has been 
studied by Bhagwat ejt a^, in 1988, 
UNIVALENTS - Presence and associations 
It is often considered that failure of pairing among 
chromosomes which are potentially capable of doing so may be 
due to segmental differences or jnechanical interference with 
pairing (Darlington, 1965; Moffett, 1931) . The effects of 
hybridization and genetic factors in reducing chromosome 
pairing is also well known (Beadle 1932) . 
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Ostergren (l95l) suggested that orientation of 
univalents may determine whether they are included in one 
of the polar groups of chromosomesaat telophase I or retained 
at the equator. Genetical factors have also been found to 
affect the conjugation of chromosome in plant species. 
Specific genes are known to control pairing of chromosomes 
in Drosophila (Gowen, 1928), Zea may^ (Beadle, 1930), Pisum 
(Gottschalk, 1971). 
Nakahara and Komoto (1957) have shown that teirperature 
affect the normal behaviour of chromosomes. They studied 
the effect of high teirperature on meiotic chromosomes of 
Tradescantia paludose and showed that it produces swelling 
and inhibition of chromosome movement, despiralization of 
chrorrosomes and formation of univalents due to precocious 
separation. Inversion heterozygosity is also known to cause 
univalency to some extent as the presence of inversions 
obstruct in regular pairing and chiasma formation (Anis,l985), 
At anaphase-I, the univalents may pass to poles intact 
or divide while lagging. The consequence of such a behaviour 
of univalents is unequal distribution of chromosomes which 
fail to be included in the daughter nuclei during later 
stages of division and eventually form micronuclei. 
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BIOCHEMICAL STUDIES 
The crude protein content of edible legume seeds 
varies from 18 to 32%. Wild legume seeds contain 18 to 
47% crude proteins (Pant and Bishnoi, 1967; Pant and Kapur, 
1963; Pant et al. 1968) . The protein is located in the 
cotyledons and embryonic axis of the beags, with only small 
amount in the seed coat (Singh et^ .al_,, 19 68), The seed coat 
of many bean seed contains 4.8% crude protein, while the 
cotyledons and the embryonic axis have 27.5 and 47,6%, 
respectively, 
Zimmerman et.^. ,(19 67) studied the concentration 
gradient for protein, lysine, methionine and antitryptic 
activity in the cotyledons of two representative varieties 
of oil containing grain legume foods. 
In an evaluation studycof plant seeds which included 
379 species, as protein sources for food, based on amino 
acid composition. Van Etten et, _al../ (19 67) found that 70 
species of Leguminosae had a mean lysine content above 
mean for all species. 
Rutger (1971) has presented data that gave an idea 
of the variation in yield of lines of common beans grown 
in a single location in a single year. For ten lines having 
usually high protein content the range varied from 400 to 
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1960 Ib/ac (450 to 220 kg/ha) . Not all this variation can 
be attributed to varieties alone. In another experiment, 
the average yield of 8 varieties grown in 6 environments 
(Two locations, three years) ranged from 1400 to 2480 Ib/ac 
(1570-2780 kg/ha). Year and variety effects and variety x year 
interaction were all significant at P = 0.01. 
The same report demonstrates the variability that can 
be expected in protein content. The average of 8 varieties 
ranged from 22.5 to 36.2%. Unfortunately there was a fairly 
strong inverse relationship between yield and protein content 
and the range in average yield of protein per acre was 
somewhat narrower. Seeds of P., vulgaris representing 34 3 
collections from the world were grown in one location in 
one year. The protein content in them ranged from 19 to 
31%. Late maturity, small seed size, and low fat content 
were all positively correlated with high protein content 
at P = 1.01. 
Singh et al.. (l973) studied 14 genotypes of pigeon 
pea grown during two years in India, They found that heri-
tabillty in the broad sense (genotypic variance/phenotypic 
variance) was 57% for protein, 71% for methionine and 
79% for tryptophan content. 
2?. 
INDUCTION OF POLYPLOIDY 
Colchlciclne is an alkaloid extracted from seed and 
corn of Colchicum aiitumnale first isolated by Houd.fe. The 
action of colchicine and its use in inducing polyploidy 
was first studied by Dustin(l934)« Blakeslee (1939), and 
Blakeslee and Avery 1937, The successful doubling of 
chromosome number was described for the first time by 
Levan (1938) and by Eigsti (1938-40). 
Although a lot work on polyploidy have been done but 
a little attention have been paid for the induction of 
polyploidy in pulses specially black gram. Sen and Chedda 
(1958) induced polyploidy in 5 varieties of black gram and 
reported that <the seed treatment was ineffective but seedling 
treatment with 0,25 and 0.5% colchicine solution for six 
and nine hours and a|.piied for 1-3 days gave polypoids. Sen 
and Kawalkar (1959) studied the causes of reduced seed 
setting in the autotetraploids and concluded that pollen 
sterility, reduced germination of the stainable pollen 
and slow growth of the pollen tube were the main causes of 
failure in fertilization and subsequent seed setting. Sen 
and Jana (l96i) observed that the tetraploids selected for 
high yield gave a highly variable progeny. 
High seed fertile allopolyploids have been raised 
from different species hybrids involving greengram and black-
gram (Dana, 1966, 1967, 1980;; Biswas and Dana 1975; Singh 
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and Singh. 1975 and Subramanian, 1980) . Continuous selection 
for high fertility has resulted in extremely fertile line 
in advanced generations of these allopolyploids, 
Raghuvanshi and Singh (1980) obtained an autotetra-
ploid which showed reduced growth,leaf and flower size^ 
while Dhawan and Tyagl (1989) noted an enhancement in the 
shoot leaf size and flower parts and the size of stomata 
but reduction in the plant height and number of branches, 
Raghuvanshi and Singh (1980) reported that survey 
of advanced population (C^) of autotetraploids in Trigonella 
fj^enum-qraecum, an aneuplold (4 X -1^) = 31/ was isolated 
which showed reduced growth, leaf and flower size. Chlasma 
frequency was reduced, pollen fertility was low and seed 
setting was absent, Arya, Ramarao and Raina (1988) raised 
the colchiploids for the successive generations C.,C_, and 
C in Trigonella and enhancement in different vegetative 
parts was observed in the autotetraploids making it econo-
mically useful. 
Anis (1982) induced polyploidy in Delphinium a lac is 
for the first time and showed gigas characteristics, Cyto-
logical study revealed that mostly bivalents were formed 
in greater number of PMCs as compared to multivalents 
inspite of fairly larger size of the chromosomes. Pollen 
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fertility was fairly high. Tetraploid plants showed larger 
flowers and prolonged blooming period, 
n^ German 4X rye initially the seed setting was 
observed to the extent of lOX 20 years later the values 
reached upto 85-89%, During a period of 9 years a conti-
nuous reduction of quadrivalent frequency was observed in 
this material (Plarre, 1954i , A progressive improverrent 
in irregularity or meiotlc cell division over generations 
was found by De Roo (1968) in a corrjE^ arative studies concern-
ing the behaviour of chromosomes during meiosis and the 
fertility in different generations of autotetraploid rye 
grass, selected for improved fertility. The mean seed 
fertility was found to be increased from 67.59% in C to 
73.85% in C generation. A correlation between multivalent 
frequency and seed setting was also noted in autotetra-
ploid Brassica cdmpestris var. toria (Swaminathan and 
Sulbha 1959) , Lolium perenne (Ahloowalia, 1967, Simonson 
1973, 1975) , Pennisetum typhoides (Jauhar 1976) etc. 
In more advanced generations, the synthetic auto-
tetraploid forms mainly bivalents instead of multivalents 
or univalents. Thus achieving more diploid like meiosis 
similar to that of typical amphidiploid§. This process is 
called diploidization or allopolyploidization. The mechanis m 
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of diploidization and its prospects for the improvement 
of fertility in certain autotetraploids has intensively 
been studied by Simonson (1973). 
Chiasma is controlled by many genes withi. minor 
individual effects, Sharma et-al. (1982) induced variation 
in chiasma frequency in Hordeum yulqare with the help of 
strazine and simazine mutagens. They inferred that these 
mutagens induced certain changes in metabolites of bioche-
mical pathway as a result of expression of gene or gene 
complexes governing chiasma frequency get changed. It may 
be inferred that through selection for improved meiotic 
regularty may imprSve fertility factor to some extent but 
can not be the root cause of it. 
Meiotic studies were conducted on advanced gene 
autotetraploids (Cg) of blackgram and the chiasma frequency 
was found to be lower than the diploids. The advanced 
generation tetraploid showed improved seed setting, 
bivalent formation and chiasma frequency over earlier 
generation (Singh and Singh 1986) . 
MATERIAL AND METHODS 
In t h e p r e s e n t work t h e e f f e c t of gamma r a y s have 
been s t u d i e d on q u a l i t a t i v e and q u a n t i t a t i v e c h a r a c t e r s 
and c y t o l o g i c a l a n a l y s i s of t h r e e v a r i e t i e s , PDU-1, PDU-3 
and PDU-7 of b l a c k g ram. The m a t e r i a l r e q u i r e d f o r c a r r y i n g 
o u t t h e work was p r o c u r e d from t h e D i r e c t o r a t e of p u l s e s 
R e s e a r c h , ICAR, K a l y a n p u r , Kanpur , The m a t e r i a l c o m p r i s e d 
of t h r e e d i f f e r e n t v a r i e t i e s of b l a c k g ram, Viqna munqo(L.) 
Hepper which v a r i e d f rom one a n o t h e r e i t h e r i n p e d i g r e e 
o r o r i g i n . However, t h e y a l l a r e of e a r l y m a t u r i n g t y p e 
and a r e known f o r t h e i r m a t u r i t y i n 70-80 d a y s . 
The c h a r a c t e r i s t i c f e a t u r e s of t h r e e v a r i e t i e s of 
b l a c k gram i s g i v e n be low j 
PDU - 1 i S e l e c t i o n f rom IC 8219 i n d e n t i f i e d i n 1986 f o r 
s p r i n g c u l t i v a t i o n i n NWPZ, riEPz and c e n t r a l z o n e s . Matu-
r i t y 70-80 d a y s , s e e d s b o l d ( 4 . 8 grv'lOO s e e d ) , s e e d 
c o l o u r d u l l b l a c k , pods b l a c k and h a i r y , y i e l d 13-15 q / h a c . 
T o l e r a n t t o y e l l o w Mosa ic V i r u S ) t h r l p s and l e a f b e e t l e , 
PDU - 3 J S e l e c t i o n f rom PLV 414, e a r l y m a t u r i n g v a r i e t y 
(70 d a y s d u r i n g k h a r i f ) . P l a n t s dwarf , b u s h y , s y n c h r o n o u s 
m a t u r i t y y i e l d 10-12 q / h a . 
P P " - ,7 » Improved s t r a i n , d e v e l o p e d by h y b r i d i z a t i o n 
tJ 
and se l ec t ion from the cross of Pant U 26x M 48, Plants 
bushy dwarf. Matures in 75-80 days, seed black. Average 
yield 12-14 q/ha. Tolerant to major d isease and p e s t s . 
The seeds were sown in the l a s t week of June, 1990 
at the experimental reseearch s t a t i o n of Botany Department, 
Aligarh Muslim Univers i ty , The sowing was made in two 
r e p l i c a t e s using p lo t s 10.5 x 10,5 f t . dimensions in lO 
l ines and thus se l ec t ing one l ine for each va r i e ty . The 
l ines were kept at a d is tance of 10" apar t . Twenty f ive 
seeds were hand dibbled in each l ine with a space of 6 
inches between them. 
The time for germination by each of the v a r i e t i e s 
v/as more or less s imi l a r and the primary leaves were obser-
ved almost af ter the 1st week of showing. The plants had 
s t a r t e d flowering with in 40-46 days a f t e r showing. The 
following characters have been se lec ted for the study, 
Cytological 
Meiotic Studies i 
Young flower buds of adequate s i z e were fixed in 
carnoy's f lu id around 8-10 A.M. for about 24 hours. Later 
these buds were transferred and preserved in 70% alcohol 
under r e f r i ge r a t i on . Anthers were squashed in 2% aceto-
carmine s t a i n by standard technique (Swaminathan, Magoon 
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and Mehra, 1954) . E q u a l l y good r e s u l t s c o u l d be o b t a i n e d 
by s u b s t i t u t i n g p r o p i o n i c a c i d i n p l a c e of g l a c i a l a c e t i c 
a c i d . In t h e above s c h e d u l e of f i x a t i o n and s t a i n i n g c o v e r -
s l i p s were t e i r p o r a r i l y s e a l e d w i t h s t i c k y wax b e f o r e b e i n g 
s t u d i e d . A n a l y s i s of v a r i o u s s t a g e s of m e i o s i s were b e s t 
done from f r e s h and t e m p o r a r y p r e p a r a t i o n s , c h i e f l y a t 
f i r s t m e t a p h a s e and a n a p h a s e . The f r e q u e n c y of r i n g and rod 
b i v a l e n t s was r e c o r d e d i n PMC's unde r t h e o i l immers ion 
l e n s e and ch ia sma f r e q u e n c y p e r c e l l and p e r chromosome 
was c a l c u l a t e d u s i n g t h e f o r m u l a , 
r•^,^,<=,r,= <= ,-^^,,av,^. Number of c h i a s m a t a i n t h e c e l l s t u d i e d 
Chiasma f r e q u e n c y ^ Number of PMC's Z chromosome number 
p e r chromosoine «wc=«^v-„«-^ ^ ^ .F r^i ,^4 .= 
observed or plants 
The pollen f e r t i l i t y was examined by the smear method 
with acetocarmine s o l u t i o n . ..Anthers from mature buds were 
squashed in a drop of 2% acetocarmine s t a i n . The unstained 
and freshly s ta ined pol len grains were considered to be 
s t e r i l e and f e r t i l e r e spec t ive ly . The percentage pol len 
f e r t i l i t y was calculated using the formula. 
Pollen f e r t i l i t y ^ Number of f e r t i l e pollens in the f i e ld QQ 
(percentage) " Tota l number pol lens in the f i e ld 
Recording of Data 
Data on the following a t t r i b u t e s were recorded in 
M generat ion of blackgram. 
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I. Germination and Survival Percentage 
Data on germination and survival were recorded from 
the laboratory and field experiment, 
II. Seedling Growth 
10 days old seedling were measured for their shoot 
and root length, 
III. Quantitative and Qualitative Crop Characters ; 
The following morphological parameters were recorded 
in K generation ; 
1. PJ|,ant Height : The height of mature plant was measured 
in centimeter from the point above the ground to the tip 
of the main axis of the plant. 
2. Number of Branches x All the branches coming out of the 
plant of each varieties were taken into account, 
3. Number of Nodes » The total number of nodes of main 
shoot were counted starting from the point which was just 
above the ground. 
4. Number of Pods per plant : Total number of pods present 
on selected five plants were counted for both the replicates. 
5. Number of seeds per pod j The number of seeds were counted 
in 5-6 pods in each varieties and the average values were 
accounted in both the replicates, 
6. Pod Maturation i The maturation of first pod was taken 
into consideration and the number of days to pod maturation 
was counted from the date of sowing. 
7. Yield per plant j The t o t a l amount of seed col lec ted 
from each plant was weighed in grams. This gave an idea 
and y ie ld of an individual p lan t . 
Mutation Studies by using gamma.irradiation ; 
An experiment was carr ied to study the ef fec t of 
various doses of gamma-irradiation on three va r i e t i e s v i z . 
PDU-1, PDU-3 and PDU-7 of Viqna munqo (Moisture content 
3.5 to 8.5 per cent) . Dry dormant seeds were selected for 
i r r a d i a t i o n at dose 20,30,40,50,60,70,80,90 and 100 krad of 
gamma rays, from Co source at the National Botanical 
Research I n s t i t u t e , Lucknow, Later, seeds were sown at the 
experimental research s t a t i o n the department of Botany, 
AMU and in pe t r id i shes in two r ep l i c a t e s along with un-
t rea ted controls under uniform agrocl imatic condi t ions . 
The study of radio-response with regard to parameters l i ke 
germination, survival and growth ra te were recorded a f te r 
one month of sowing. The data co l lec ted were subjected to 
s t a t i s t i c a l ana lys is . 
The next s tep was to study the ef fec t of i r r a d i a t i o n 
on morphological and cy to log ica l parameters at l a t e r s tages 
and to explore the v i s t a s for scope of improvement. The 
seeds of three d i f fe ren t v a r i e t i e s (PDU-1, PDU-3 and PDU-7) 
have been t rea ted with d i f f e ren t doses of gamma rays and 
mi to t ic s tud ies wi l l be done to see the differences between 
control and i r r ad i a t i on doses with respec t to mitot ic 
index and chromosomal aber ra t ions . 
4t 
In an experiment I r rad ia ted dry seeds of var ie ty 
i-DU-1 were put in pe t r i d i shes having water soaked cotton 
in them. When the r ad i c l e emmerged a f te r lO hours, they 
were fixed in is 3 ace t ic -a lcohol so lu t ion for 24 hours. 
The f ixa t ion time for mi to t i c c e l l d iv i s ions was found to 
be around 2-3 pm. The fixed root t i p s were subjected to 
hydrolysis p r io r to squash prepara t ion . 
Hydrolysis $ 
1. Tips were washed in a pe t r id i shes when taken for 90% 
alcohol . 
2. Washed t i p s were t rans fe r red to about l ml solut ion of 
5N HCl and were kept for hydrolysl-s for 30-35 minutes 
at 60°C. 
3. The t i p s were then poured in a p e t r i d i s h containing water 
and were washed throughly for 15 minutes, 
4. Next they were t r ans fe r red to 1% iron alum du-s ly prepared 
by mixing 1 mg of Ferrous Ammonium Sulphate in 100 ml of 
d i s t i l l e d water; for 15 minutes, 
5. F ina l ly the t i p s were t ransferred to haematoxylin s t a i n 
in a tube covered with dark paper. The t i p s were kept in 
so lu t ion for about 2 hours. 
After s ta in ing the t i p s were squashed in drop of 
45% ace t i c acid and squashed for spreading. The s l i de s with 
good spots were sealed with wax. 
i?. 
The slides were made parmanent the following day by 
first gently removing the wax sealing and putting the 
inverted slide in acetic alcohol solution (It 1) for 3-4 
minutes until the coverslips are detached. The slide and 
covers lip are not transffered to butanol with their material 
facing upward 5 minutes. A fresh covers lip is put over a 
single drop canada balsarn on the material. 
Scoring was done on 5 to 7 slides from each treatment, 
taking five readings from each slides. Mitotic indices were 
calculated for all the doses using the following formula, 
^'i^°^f^^^"f?^ Total number of dividing cells ,„^ (percent cell . Total number of cells studied ^ ^^^ 
divis Ion; 
Percent of control values for all division for all 
the doses of irradiation were calculated and graphs were 
plotted for better representation. Following formula was 
used, 
percent of control value » Mitotic index at each dose 
Mitotic index of control 
Colchicine Application Techniques 
In view of the literature reported earlier with 
several pulses including blackgram (Sen and Chheda 1958) 
and other crop plants (Khan 1942) , following techniques of 
colchicine application have been adopted in the present 
investigation. 
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1. Seed t r e a t m e n t : 
Seeds of u n i f o r m s i z e a r e p r e s o a k e d i n d i s t i l l e d 
w a t e r f o r 9 h o u r s and a f t e r removing t h e s u r f a c e m o i s t u r e 
w i t h f i l t e r p a p e r , s e e d s a r e t a k e n i n c u l t u r e t u b e s i n a 
l o t of 25 ana s u f f i c i e n t c o l c h i c i n e s o l u t i o n i s pou red j u s t 
t o c o v e r t h e s e e d s and t h e t u b e s a r e p l u g g e d w i t h c o t t o n . 
Seeds were t r e a t e d i n 0 , 2 5 % and 0 ,5% c o l c h i c i n e s o l u t i o n 
f o r 12 and 18 h o u r s a t a c o n s t a n t t e m p e r a t u r e of 27jt2°C. 
A f t e r t r e a t m e n t , s e e d s were washed and t h e n a l l owed t o 
g e r m i n a t e i n p e t r i d i s h e s . The g e r m i n a t e d s e e d s were sown 
in p o t s c o n t a i n i n g w e l l manured s o i l where i t was a l l o w e d 
t o grow f u r t h e r , 
2. S e e d l i n g t r e a t m e n t : 
a) Immers ion method : 
S e e d l i n g were r a i s e d i n p e t r i d i s h e s and t h r e e d a y s 
o l d s e e d l i n g s were d i p p e d i n b e a k e r c o n t a i n i n g c o l c h i c i n e 
s o l u t i o n of 0 ,25% and 0 . 5 % c o n c e n t r a t i o n s f o r 12 and 18 
h r s a t room t e m p e r a t u r e , 27+2°C, A f t e r t h e t r e a t m e n t i s o v e r , 
s e e d l i n g s were washed i n r u n n i n g t a p w a t e r and t h e n t r a n s -
p l a n t e d t o t h e p o t s where t h e y were a l l o w e d t o grow t i l l 
m a t u r i t y , 
b) S i n g l e Drop method : 
The seedlings were raised in pots and when the first 
pair of leaf emerged out fully, their apical tips were 
u 
t r ea ted with colchicine solut ion for t h i s purpose a small 
cotton pdds was placed on the young growing t i p and c o l c h i -
cine was poured drop wise. Seedlings were covered with 
earthen pots to check evaporat ion. Colchicine solut ion was 
poured every two hours and af ter spec i f i c i n t e rva l , the t i p s 
were washed throughly with d i s t i l l e d water . The treatment 
was given in the morning with a breaJc of overnight using 
0.25% and 0.5% colchicine solut ion for 12 and 18 hours 
d i r e c t i o n . The t r e a t e d seedlings were allowed to grow and 
keenly observed. 
L.D50 Dose 
LDcQ dose ( i . e . dose of the mutagen causing 50% 
l e tha l i t y ) or sometimes referred to as DRG„Q ( i . e . dose 
reducing germination upto 50%) were determined on the bas is 
of the germination percentage where the t o t a l number of 
seeds germinated, as evident from the emergence of r a d i c l e 
were counted af te r 96 hours of sowing in each treatment and 
the control to ca lcu la te the germination percentage by the 
following formula. 
r-«^rr,4^-.-n^,, loA Number of seed germinated 1r^ r, 
Germination (%) « sr-r—1. •" . jn^ j ' x 100 
Total number of seed sown 
After having ca lcula ted the germination percentage, 
LDcQ dose was determined by the graph, p lo t t i ng the germi-
nation percentage along Y-axis against the concentrat ion 
of the mutagen along X-axis, and the value of the LDCQ dose 
was worked out with the help of the germinated curve. 
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SEEDLING ABNORMALITIES 
Cotyledonary abnormalit ies : 
Abnormalities in s i ze and shape of cotyledons were 
ca lcula ted in terms of percentage by counting the nurtiber 
of seedling showing cotyledonary abnormalit ies in each 
treatment by the following formula, 
r *• AHnfo/1 _ 1'otal number of seedling showing cot .abn. ^^ ^ 
OOT:. ADn^ ;^ - rj.^^^-^ number of seed germinated ^ ^ 
Abnormality in first pair of leaf ; 
Abnormalities in the size and shape of first pair 
of leaf of the seedlings were also calculated in terms of 
percentage by the following formula t 
Abnormality in Total number of seedling with 1st pair 
1st pair of » leaf abnormality 
leaf (%) Total num.ber of seed germinated 
Seedling Injuries : 
(a) Root Injury j 
Root injury as evident from swelling at the radicle 
stage, formation of knot like structure at the tip, deformed 
shape and checked growth, was calculated by the following 
formula : 
Root Injurv(%) » Total number of seedling showing root 
•^  ^ injury 
Total number of seed aermlnated ^ 
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(b) Shoot Injury ; 
Shoot injury was calculated in terms of percentage 
by counting the number of seedling showing suppression of 
growth of hypocotyl or epicotyl and significant reduction 
in shoot length or deformed shoot. Following formula was 
used for this purpose. 
Total number of seedling showing 
Shoot Injury(%) =s shoot in^ jury ^QQ 
Total Number of seed germinate 
Statistical Analysis ; 
Mean values were utilized statistical analysis of 
each character. 
The data of seedling growth and quantitative crop 
attributes (growth or yield parameters) of M generation 
were analysed for (a) Mean (b) Standard Deviation (c) 
Standard error (d) Coefficient of variation (e) Percentage 
degree over control, 
1. Mean ; The arithmetic mean or simple mean or the so called 
average value is easily computed by taking the sum of a 
number of values (x , X- and number of values (N) 
involved. Thus 
•+'X • • • • • X 
" or X = x/N 1 2 n N 
X , ^ 2 " ^n ~ observations 
N = Number of observations 
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2. Standard Deviation 
Standard deviation will be utilized to determine 
statistical significance and calculated correlation coe. 
fficient. The 6.D. will be calculated by the following 
formula for each parameter of study. 
3.D. = / ^^-^1^' ^ (X--X2)2 ^ (X- - X^)2 
N 
vMhere x" = '^"ean of the observations involved 
X , X = X = observations 
N = No. of observations 
3. Standard Error t 
I t was calculated by dividing the value of S,D. by 
the square root of num.ber of observat ions, 
4. Coefficient of Va r i ab i l i t y 
I t measures the r e l a t i v e magnitude of va r ia t ion 
present in observation r e l a t i v e to the magnitude of t h e i r 
adthmat-ic mean i t is defined as the ra t io of standard 
deviation to arithmatic mean expressed as the r a t i o of 
standard devia t ion to a r i thmat ic mean expressed as a 
percentage, and is a un i t l e s s to number. The following 
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formula will be applied to compute coefficient of varia-
bility. 
cv = S.D. X 100 
A.M 
X = A.M. Arithrriatic mean 
S.D, = Standard d e v i a t i o n 
C.V. = C o e f f i c i e n t of v a r i a t i o n 
Biochemical Analys is j 
The p r o t e i n con ten t in the seeds w i l l be e s t ima ted 
by the method Lowry et., al,. (1951) . Defa t ted and powdered 
seeds are t o be d iges t ed wi th 2% N NaOH at 100°C fo r 30 
minutes . The d i g e s t e d sample mixture w i l l be c e n t r i f u g e d 
for 20 minutes a t 12000 rpm. 200 and 400 m i c r o l i t e r (ul) 
of 1*30 d i l u t e d sample then made upto 0 ,5 ml by adding 
wa te r . Now 0 .5 ml of r eagen t B added in each tube inc lud ing 
the blank t u b e s . The tubes were shaken wel l and incubated 
for 10 minutes a t room t e m p e r a t u r e . After i ncuba t i on 0.5 ml 
of r 'o l ins c i o c a l t e U'S r e a g e n t was added and shaken at once. 
The r e a c t i o n mixture was f u r t h e r incubated a t 37°C for half 
an hour (30 minu t e s ) , the o p t i c a l d e n s i t y was read at max 
660. 
Amount of p r o t e i n (gm/100 gm) was c a l c u l a t e d in the 
Sample by com^iarison with a s t a n d a r d curve p repared using 
bovine serum albumin. 
^s 
P r o t e i n E s t i r r . a t i o n j 
S o l u t i o n used s 
i) 2% Na CO in 0 . 1 NaOH 
i i ) 1% CuSO^ 5 H^O 
i i i ) 2% K/Na T a r t r a t e 
iv) 10 ml /50 ml s t a n d a r d se rum Albumin 
Reagen t s t o be used t 
(A) F i r s t mixed ( i i ) and ( i i i ) , in r a t i o of 1 : 1 . 
(B) Mixed A ( i i ) and ( i i i ) and Na CO^/NaOHd) i n a 1x100 
r a t i o ( i . e . i ml ( i i ) + 1 ml ( i i i ) + 98 ml ( i ) ) . 
(C) F o l i n s r e a g e n t , C i o c a l t e n o s P h e n o l s - r e a g e n t 50% (IN) , 
OBSERVATIONS 
In the present investigation, 200 seeds of three 
varieties, PDU-l, irDU-3,afid' PDU-7, were treated with 
different doses of gairima rays from CO^Q source at National 
Botanical Research Institute, Lucknow, Of these 50 seeds 
were sown in the petridishes under laboratory conditions 
at room temperature 27 C + 2 to see the effect of gamma 
rays on seed germination, seedling growth and for deter-
mining LDcn <3ose. Variability induced by gammcirays with 
respect to seed germination, seedling growth and other 
norphological abnormalities were estimated in terms of 
percentage while the data of seedling growth were analysed 
statistically to assess the extent of variation in treated 
population of M, generation. The remaining 150 seeds of each 
of the variety were sown in the experimental plots at Expe-
rimental Research Station, AKU, Aligarh in a randomized 
block design. The survival percentage and different quanti-
tative and qualitative parameters were recorded from the 
field experiment. 
Cytoloqical Analysis j 
The chromosome number was found to be 2n = 22 in 
all the varieties studied with the regular occurrence of 
11 bivalents at M-I, The pollen mother cells showed normal 
and regular meiosis and an equal separation of chromosomes 
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a t A-I was obse rved . The p o l l e n f e r t i l i t y p e r c e n t a g e ranged 
from 85.9% t o 88.4% with a mean value of 87.0 + 1 .61 . All 
e x h i b i t e d a f a i r l y high p o l l e n f e r t i l i t y . Chiasma frequency 
pe r chromosome showed a range of 0.699+0,04 t o 0 ,783+0,03 . 
1. Seed Germinat ion i 
The t h r e e v a r i e t i e s of blackgram PDU-l, PDU-3 and 
PDU-7 showed 95%, 9 2% and 90% germina t ion r e s p e c t i v e l y . 
With en i n c r e a s e in dose of gamma r a y s , ge rmina t ion p e r -
centage d e c r e a s e d . There was no s i g n i f i c a n t e f f e c t on the 
t ime of ge rmina t ion up t o 20 kR but subsequen t ly h igher 
dose t r e a t m e n t caused a co r respond ing d e l a y in ge rmina t ion . 
I t was observed t h a t the i r r a d i a t i o n delayed the germina t ion 
a t almost a l l t h e doses . Germinat ion pe rcen t age d i sp layed a 
dec reas ing t r e n d with i n c r e a s e in dose (F ig , l) , 
2. LD^ Q : 
LDpQ fo r a l l t he t h r e e v a r i e t i e s were determined on 
t h e b a s i s of germina t ion curve ob ta ined by p l o t t i n g germina-
t i o n pe rcen tage on Y axis and doses of garrma rays on X-ax i s . 
The value of LD^Q dose in a l l t he t h r e e v a r i e t i e s has been 
shown in F ig . 3 . The mean of LDrg dose of t he three v a r i e t i e s 
PDU-l, PDU-3 and PDU-7 was found t o be 58 kR, 57 kR and 
54 kR r e s p e c t i v e l y (F ig . 3) , 
3. Seedl ing Growth j 
Seedl ing growth was de termined by t a k i n g m.easurenents 
5Z 
af ter 10 days of sowing in a l l the v a r i e t i e s . The ef fec ts 
of rad ia t ion on seedling parameters have been shown in 
Fig.4, 5, and 6. Seedling height was increased upto 50 kR 
in i-DU-1 and PDU-a va r i e t i e s while i t showed reduction 
from 50 kR onwards as copipared to cont ro l . In var, FDU-7 
the seedling height was reduced at a l l doses of t reatment . 
4. Survival percentage ; 
The survival percentage was recorded after 30 days 
in all the three varieties and it was found to be 69%, 
86% and 88% respectively.The higher doses of gamma irradia-
tions showed a gradual decline in the survival percentage 
as compared to control (Fig, 2) , 
All the germinated seedlings did not survive and 
thus the survival was lower than the germination, 
5 , P l a n t H e i g h t j 
Plant height was not affected s i g n i f i c a n t l y due to 
garrima rays t reatment upto a dose of 70 kR, t he r ea f t e r i t 
showed a considerable reduct ion. Plant height ranged between 
25 cm to 28 cm. with the mean value being ca lcula ted as 
26.2+1,3 cm in con t ro l . But in t r ea ted p lan t s the plant 
height ranged between 16 cm to 28 cm with the mean value 
dif fer ing in each dose. The maximum plant height was 
recorded to be 27.4 cm at 30 kR and minimum at 100 kR 
(Table. 7) , 
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6. Number of Pods per plant i 
The mean number of pods per plant and pod cluster 
per plant increased upto the dose of 40 kR as compared to 
control in var. PDU-3 while a gradual decline was observed 
parallel to the successive increase in the doses. Number 
of pods per plant did not differ significantly in lower 
doses of gamma rays treatment. However, higher dose treat-
ment beyond 70 kR showed a rem.arkable decrease in mean 
number of pods per plant (Table 7). The number of pods per 
plant ranged between 15 and 18 the mean value being 16.6+4.4. 
7. Number of Seeds per pod ; 
The number of seeds per pod ranged between 4 and 
7 in all randomly selected plants (Table 7) Mean value was 
recorded to be 5.8+1,16. The seed yield of each plant was 
calculated which ranged from 2,10 gm to 5.25 gm per plant 
with a mean value of 3.07+0.74, 
8. Days to Maturity j 
The mean days of flowering and maturity in the present 
material were recorded to be 46 and 74 days respectively 
(Table 7) , Mean number of days taken to flowering and 
maturity did not differ significantly at lower doses of 
gamna ray. However, it was delayed by a few days at higher 
doses beyond 70 kR. 
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EXPLANATION OF FIGURE . ] 
F i g , 1 I P e r c e n t a g e of Seed G e r m i n a t i o n i n 
v a r i e t i e s PDU-l ,PDU-3, and PDU-7 of 
b l a c k grarrw 
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EXPLANATION OF FIGURE , ^ 
F i g . 2 t Showing t h e s u r v i v a l p e r c e n t a g e i n 
v e r i t i e s PDU-i, PDU-3 and PDU-7 of 
b l a c k g ram. 
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EXPLANATION OF FIGURE ~ 3 
F i g , 3 ( ^^50 ^ o s e s of Gamiria r a y s f o r t h e 
v a r i e t i e s PDU-l, PDU-3, and PDU-.7 
of b l a c k gram. 
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EXPLANATION OF FIGURE - 4 
Fig, 4 I The three dlmentional histogram showing 
the effect of gamma rays on seedling 
growth for the variety PDU-l of black gram. 
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EXPLANATION OF FIGURE . 5 
Fig, 5 X The three dimentional histogram showing 
the effect of gamma rays on seedling growth 
for the variety PDU-3 of black gram. 
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EXPLANATION OF FIGURE ~ 6 
F i g . 6 s The t h r e e d l m e n t i o n a l h i s t o g r a m showing 
t h e e f f e c t of gamma r a y s on s e e d l i n g 
g r o w t h f o r t h e v a r i e t y PDU-7 of b l a c k 
g r a m . 
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EXPLANATION OF PLATE . I 
Photographs showing seedling height in 
control and at different doses of gamma 
rays In varieties PDU-3 and PDU-7 of black 
gram. 
PLATE-I 
RXPI.ANATIQN OF PLATE I I 
F i g , 1 } S e e d l i n g g r o w t h i n c o n t r o l and a t d i f f e r e n t 
d o s e s of gamma r a y s i n two v a r i e t i e s PDU-3 
and PDU-7 of b l a c k g ram a f t e r 7 d a y s of 
s o w i n g . 
F i g , 2 i P h o t o g r a p h showing C o t y l e d o n a r y a b n o r m a l -
t i e s i n c o n t r o l and a t d i f f e r e n t d o s e s of 
gamma r a y s i n two v a r i e t i e s , PDu-3 and 
PDU-7 of b l a c k g r a m . 
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DISCUSSION 
Genetic variability is the basis for plant breeding, 
and mutation induction has been used to create variation for 
utilization in crop inprovment. Radiations have been used 
successfully, to induce useful mutation for plant breeding 
(Brady, 1982; Gottschalk and Wolff, I983j MicXe et • al_., 1985), 
The urdbean is a staple legume crop of India which 
provide nutritious diet to the human population. Its product-
ion, however, has not shown encouraging trend for the past 
several years. The data available reveals that increase in 
production of this pulse crop has been too meagre to keep 
pace with the rate with which the population of our country 
has increased. 
With this view in mind, an effort had been made to con-
duct irradiation experiments on Vigna munqo (L.)Hepper for 
inducing desirable mutations and performance of different 
varieties were studied with regard to morphological, cytolo-
gical and biochemical traits. 
The chromosome number was found to be 2n « 22 in all 
the varieties and the melotlc division was fairly regular 
with equal separation (Hill) at anaphase-I, However, they 
differ with regard to number of ring and rod bivalents per 
pollen mother cell and chiasmata per chromosome. Pollen 
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fertility percentage was found to be very high which is 
indicative of the fact that the differences observed in these 
varieties for yield and its conponents are genie as the 
chromosomal variation as not found during meiosis«Cytolo-
gical trends are known to facilitate the understanding of 
the trend of specialition within the genus (Anis, 1979; 
Raghuvanshi and Anis 1980; Anis and Raghuvanshi, 1980). 
The meiotic study are helpful in understanding the 
extent of the linearity of identical genes, specially the 
range of ring and rod bivalents. Levan (1936), Maeda (19 37) 
and Frost and Mann (1924) brought out that the distribution 
of chiasmata along a bivalent is under the control of mend-
elian genes and gives characteristic segregation ratios. 
The detection of asynaptic genes in large number of organi-
sms (Darlington, 1937; Roy and Jha 1985) has also clearly 
proved that the pairing of the chromosomes is a manifestation 
of specific gene action, Garger (19 58) had adduced data to 
substantiate that chiasma frequency can be used in comparing 
the relationship of the species. This was also shown by 
Anis and Raghuvanshi (1980) in Tangelo, which include inter-
specific hybrids of Citrus, 
The present observation revealed that the varieties 
differ in the meiotic behaviour of their chromosomes specially 
in the number of chiasmata per chromosome. Such a variation 
in their behaviour could probably be due to the differences 
in their chiasma formation. 
5 
The response of plant species to chemical and physical 
mutagen appears as modification of phenotypes. Some of the 
mutagen-Induced modifications are neutral or beneficial, 
others detrimental, and still others lethal to the organisms. 
Consequently, the effectiveness and efficiency of the mutagen, 
and the utility of induced variability depend, to a large 
extent, on induced lethality, which in turn, depends on 
radiosensitivity (Mekhandzhiev and Gecheva, 1983? Reddy 
and Reddy, 1984) . 
Mutagenic sensitivity depends on the genotype, while 
mutagenic effectiveness and efficiency depend on mutagenic 
sensitivity, which, in turn, is influenced by the kind and 
dose of mutagen. The nonrandom pattern of variation in muta-
genic effectiveness and efficiency demonstrate that the 
genotypic responses to different mutagens are of genetic 
origin and depend on the physical and chemical properties 
of the mutagens. The effects of mutagenic treatment are 
usually measured by parameters like percentage germination, 
survival, seedling height, maturity and chromosomal aberrations 
at mitosis and meiosis etc. (Gregary 1955; Blixt e_t. al., 1963; 
Santos, 1969). In the present work radloresponse studies 
revealed that irradiation delayed germination and germination 
percentage had a decreasing trend with an increase in dosage. 
Thus indicating an inverse relationship between the dose and 
germination percentage. 
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The time taken for germination by seeds is known to 
be influenced by gamma rays treatment. The treated seeds of 
all the three varieties germinated on the second day of 
sowing like that of control in petridishes except the seeds 
treated beyond 40 kR where germination was delayed by 10-12 
hours. The data of germination indicate- that with the 
increase in dose amount, a gradual reduction in germination 
percentage was recorded. Reduction in germination may be due 
to the inhibitory effect of gamma rays as noticed in each 
of the varieties.of blackgram. The same effect on germination 
has been reported by some earlier worker in Viqna aureus 
(Rajput, 19 74; Katyayani et al.,, 1989) in cereals (Cheng 
and Hsieh, 1957; Bhaskaran and Swaminathan, 1961; Goud et .al., 
1970; Sreeramalu, 1972) in other pulses (Sahai, 1974; Hussain 
and Disouki, 1976; Chandra and Tiwari, 1978) , in oil seeds 
(Flower and Stefanssen 1972) , in fruits (Shimatsuma, 1962; 
Das and Mukharjee, 1968), Reasons of inhibition of seed 
germination have been discussed by many workers. According 
to Maherchandani (1975) reduction in germination, following 
irradiation may be due to the disturbance of the balance 
of inhibitory substance. But Harber and Luippord (1957) 
attributed reduced germination to destruction of all ger-
mination regulators present in the seed. 
Reduction in germination percentage is also attributed 
to radiation damage of embryo and denaturation of DNA by 
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gamma rays. In general, different genera displayed different 
response regarding germination and survival of plants after 
irradiation, Griffiths and Johnson (1962), and Srivastava 
(1977) considered that reduction in germination percentage 
was due to the weakening and disturbances of growth processes 
resulting in early elimination of seedlings. In Impatiens 
balsamina (Raghuvanshi and Singh, 1976) and Phaseplus aureus 
(Raghuvanshl £t al,,, 1976), germination and survival percen-
tage are more or less same i.e. all the germinated seedlings 
survived. In these cases radiation affects the germination 
itself. In Trigonella foenum-graecum germination does not 
show severe effect of radiation but at higher doses survival 
is poor. At 60 kR in this species though germination was 
normal but there was no survival (Raghuvanshi and Singh, 1974) 
The cotyledonary abnormalities were encountered in variety 
PDU-3 and PDU-7 from 40 to 80 kR doses, Blixt (i972) consi-
dered that leaf aberrations seemed to be closely related to 
actual mutation process and these are most easily induced 
in leguminous plants, Bankowska and Rymsza (i970) also 
noticed various types of leaf aberrations in Phaseolus 
vulgaris. The alternation in morphology of leaf and leaflet, 
as noticed by us as well as by Bankowska and Rymsza (1970) 
may be due to plasticity of phenotypes. Radiation and chemical 
mutagen induced cellular damage results in the alteration 
of metabolism which ultimately leads to leaf abnormalities. 
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Gunckel (1957, 1961) and Gunckel and Sparrow (l96i) suggested 
that although the genetic materials of the cells are cer-
tainly sensitive to radiation damage, both primary and 
secondary physiological effects may be responsible for many 
morphological changes. The possibilities of morphological 
aberrations being of '•radlomorphic", in nature Induced by 
a change in the gene environment rather than a change in the 
gene Itself, can't be ruled out. 
Survival percentage also decreased almost proportiona-
tely with Increase in doses. The cause of lethality may 
be the disintegration in the shoot system of germinated 
higher 
seedling or the disintegration of root system aVdoses, In 
Triqonella (Raghuvanshl and Singh, 1931) shoot system gets 
affected which finally results into mortality where as in 
Phlox (Raghuvanshl and Pathak, 1976) it was root system 
which disintegrated after few days leading to death of plants. 
The growth of the plant was also reduced with Increase 
in dose and the maximum reduction in growth was observed at 
90 kR, but an Increase in the height of seedling was recorded 
with an increase in dose amount Mpto 50 kR, thereafter the 
height decreased with further increase In dose amount In 
all the three varieties. Gopal Rao et, al.,, (l974) reported 
increased seedling height in Phaseolus aureus with riboflavin 
treatment, Rajput (1973) working on Phaseolus species with 
gamma rays, reported that the seedling growth was reduced 
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after seed Irradiation and generally reduction was nore with 
the magnitude of radiation dose. Vant Hoff and Sparrow 
(1963) gave a clear demonstration of radiation induced 
growth retardation by studying the effect of chronic gamma-
irradiation on the growth of pea seedling, root meristems 
and have proposed two mechanisms, (1) actual death of the 
irradiated cells, (2) the mitotic arrest. Reduced growth 
after irradiation of seeds has also been reported by Cancer 
and Stevenson (i969) in barley, Saha (i968) in rice, Rajput 
(l97l) in wheat and Iqbal (1969) in Capsicum. According to 
Sinha and Godward (l970), a great deal of shoot growth is 
due to the cell elongation whereas root growth is more 
dependent on cell division. Reduction in seedling growth, 
brought about by treatment with physical or chemical mutagens 
has been reported on different crops by several workers 
(Rai, 1971; Fowler and Stefansson, 1972; Shastri and Ramiah, 
1961; Gunckel, 1957 and Konzak and Singleton, 1952) , 
The probable cause of reduced growth has been explained 
on cytological, genetical and physiological basis by many 
workers. According to Sparrow et al., (l96l), the chief causes 
of reduced growth are extra chromosomal damages or inhibition 
of cell division. Chromosomal damage as the major factors in 
growth inhibition has also been attributed by Gray and Read 
(1950) and Thoday (1954). According to iJmith and Kersten 
(1942), Gordon (i955) and Skoog (1935), the changes in auxin 
level in plants are basically responsible for the reduced 
growth. 
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A promotory effect of low doses and a depressive 
effect of high doses of gamma radiations on various growth 
parameters has also been observed by earlier workers in 
urdbean(Rajput, 1973, 1974; Rajput and Qureshi, 1973), 
barley (Conger and Stevenson, 1969) , rice (Saha, 1968) 
and in Capsicum annuumdqbal, 1969), 
The mean number of pods per plant, seeds per pod and 
clustersper plant increased upto 40 kR while a gradual 
decline after successive treatment in comparison to control 
was noticed. Similar results have been reported by Rajput 
(1974) , 
Some preliminary work has been conducted on mitotic 
studies in treated seeds. The study has revealed the 
clastogenlc effects of gamma irradiation on the dividing 
chromosomes and an increase in dose showed an increase clas-
togenlc activity of the cell. Sterility in M generation 
caused by irradiation was actually the first sign of the 
genetical effectiveness of treatments. (Sparrow (i951) 
described the cytological effects of ionization in detail. 
Mitotic study carried out revealed several mutagenic effect 
like precocious movement, unoriented and miss oriented 
chromosomes at metaphase, fragmentations, bridges at 
anaphase and multipolar spindles. The percentage of abnor-
malities was found high at relatively higher radiation 
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doses. The chromosomal aberration can cause changes in 
the phenotypic expression of plant species, thereby 
generating newer variability in the population. Some of 
them may prove to be favourable economically. These can 
be isolated by selection and breeding can contribute 
towards obtaining better yielding varieties in this 
species. 
SUMMARY 
The work presented in this dissertation has been 
carried out on an inportant pulse crop, blackgram (Vjqna 
munqo(L.) Hepper). The genus belongs to the family papilio-
naceae of the order Leguminales which includes several 
other economically prized pulses in India, The pulse protein 
is cheaper than other sources of protein and therefore this 
crop is of vital importance to provide nutritious diet to 
the human population particularly in developing countries 
like India where most of the population is vegetarian. During 
the year 1987-88, the overall production expected was around 
12.5 million tonnes, which was quite meagre as conpared to 
the requirements of huge population. As a result, per capita 
availability of pulses in general has fallen from 78 gm per 
day in mid fifties to 36 gm today. The gap between the 
potential (10-15 quintal/ha) and actual yields (3-4 quintal/ 
ha) even at current level of technology can be minimised 
greatly by developing high yielding and disease tolerant 
cultivars. 
There is a considerable scope of iirprovement of pulses 
through the use of mutagens either directly or alongwith 
hybridization both intra-as well as inter-specific. The 
generation of genetic variability by induced mutagenesis 
provides a base for strengthening plant iirprovement programmes, 
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With this view in mind, the work on "Induced mutations and 
^.mprovement in Viqna munqo (L.) Hepper** has been initiated 
and the following aspects have been studied. 
1. Cytogenetical variability among three different varieties 
of black gram namely, PDU-i, PDU-3 and PDU-7, (PDUjPulse 
Directorate Urd) , based on cytological and morphological 
parameters. 
It was observed that there was a regular formation 
of 11 bivalents in alj. the varieties with no meiotic abnor-
malities. However, they differ with regard to the number of 
ring and rod bivalents per pollen mother cells and chiasmata 
per chromosome. They analysis of pollen grains revealed that 
pollen sterility has not attainted appreciable value. Pollen 
fertility percentage ranged from 85.9iP,60 to 88,4jtl.6l, with 
a mean value of 87,0^^1,52. The chiasma frequency per chromosome 
was found to be between 0,699^0,04 and 0.78 3^0,0 3 in all 
the three varieties, 
2. The variabilities induced by gamma rays on dry seeds of 
all the three varieties have been studied, 10 to 100 kR 
treatments were given to the jeeds, LDco dose of gamma rays 
for the cultivars PDU-l, PDU-j, and PDU-7 were noted at 58 kR,57)<R 
and 54 kR respectively,In the M generation, seed germination 
was not only reduced but also delayed considerably at higher 
doses. Germination percentage decreased linearly with an 
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Increase in the dose rate. Stimulatory effect on seedling 
length and plant height was noticed at 40 kR treatment. 
However, at higher doses gradual decrease in seedling 
length and plant height was noticed. Yield attributes like 
number of pods per plant, nuirber of seeds per pod and 100 
seed weight increased at lower doses and decreased linearly. 
Lieaf aberrations were encountered at cotyledonary 
stage in all the three varieties between 30 to 70 kR, The 
data collected has been subjected to statistical analysis. 
3. Some preliminary studies on radioresponse through 
karyokinetic activity on irradiated seeds at 20 to 80 kR 
have been attempted. Mitotic indices and chromosomal abbe-
rrations like fragmentation, mis-orientation of chromosomes 
at equatiorial region bridges at anaphase, lagging chromosomes 
and multipolar spindles etc, were observed. 
Radiations have played a significant role in biolo-
gical studies. Variability with regard to morphological 
attributes especially to height of plant, flowering and yield 
parameters in the positive directions can be induced by 
gamma rays and by proper selection and breeding in subsequent 
generations may contribute towards obtaining better varieties 
in this species. 
FUTURE PLAN OF WORK 
^n view of the economic importance and national need, 
the proposed work will be carried out to explore the possi-
bilities for enhancing the yield potential of black gram 
(Vigna mungo(L.) Hepper) , using radiation induced mutations. 
The following aspects will be investigated j 
1. Genetic variability induced by exposure of seeds 
to gamina rays. 
2. Characterisation and classification of the true breeding 
mutants. 
3. Inheritance of the induced mutants 
4. Yield evaluation of agronomically desirable mutants 
5. Use of induced large size mutants in cross breeding 
6. Evaluation of growth parameters and N fixation of the 
promising selections from the above crosses. 
Mutations will be induced using CO^Q source of gamma 
rays in order to create new genotypes, responsible for qua-
litative, as well as quantitative traits of economic values. 
The useful mutants may be utilized either directly or be 
included in hybridization programme for transferring the 
uiieful genes to standard cultlvars. 
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Attempts will also be made to induce polyploidy by 
colchicine treatment method in order to obtain auto tetra-
plolds or produce amphidiploids of the partially/totally 
sterile hybrids. 
Actual Plan of Work Phase Wise s 
Blackgram is a short duration crop of about 70-80 
days and can be grown in Kharif as well as in summer season. 
Therefore/ experiments on mutagenesis and induction of poly-
ploidy will be carried out in different phases as follows : 
FIRST YEAR 
1. Collection of germplasm and comparative study of the 
morphological features of different genotypes, 
2. Induction of colchiploids (Co generation) 
3. Exposure of seeds with physical treatment and determi-
nation of LD__ dose of mutagen* 
ou 
4. Raising M generation and isolation of variants 
5. Cytological screening of variants and treated plants 
SECOND YEAR 
1. Raising of M generation at and screening of mutants for 
various characters. 
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2. Detailed cytologlcal s tud ies of se lec ted mutants and 
colchic ine t rea ted p lan t s including f e r t i l i t y . 
3 . S t u d y of C a u t o t e t r a p l o i d p l a n t s , 
THIRD YEAR 
1. Study of M plants to progenies of selected M plants 
and confirmation of mutants, 
2. Selection of individual plants with moderate to high 
degree of resistance under epiphytotic conditions, 
3. Yield evaluation of the agronomical desirable mutants, 
4. Chemical analysis of mutants for their protein and 
aminoacid contents. 
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